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1	Introduction
In R2-119bis-e meeting, the following agreements have been made with respect to interruption time reduction in LTM [1]:
	For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
· MAC/RLC reset (when configured) 
· RF retuning (e.g. needed for inter-frequency), baseband retuning 
[…]
R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed.



	L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change

For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.



	RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.



In this contribution, we elaborate on the procedures reducing the interruption time in LTM and the remaining open points.
2	Discussion
2.1	Full vs Partial MAC Reset
In case of intra-DU LTM, both the source and target cells are served by the same DU controlling PHY, MAC and RLC layers. Depending on the network implementation, it might be possible to retain the HARQ soft buffers after the cell switch to be able to continue with the re-transmissions at MAC and RLC layers in the target cell. Hence, the UE can resume with the HARQ re-transmissions in the target cell and does not have to re-transmit already received RLC SDU segments.
Observation 1: The purpose of partial MAC Reset is to retain the HARQ soft buffers after the cell switch, i.e., to be able to continue with the re-transmission at MAC and RLC layers in the target cell, and avoid re-transmitting already received RLC SDU segments.
In LTM, the cell change is decided based on L1 beam measurements which can fluctuate much more than L3 cell quality measurements. Accordingly, flush of HARQ and RLC buffers would occur more often in LTM than in L3 mobility due to the increase in the number of handovers and ping-pongs. Thus, continuing the HARQ soft buffers after the cell switch is more critical for LTM and can help to reduce the latency in delivering the pending packets.
Observation 2: Resuming the re-transmissions at MAC and RLC layers after cell switch is more critical for LTM than L3 mobility due to higher rate of handovers and ping-pongs.
The steps of MAC reset are defined in Section 5.12 of TS 38.321 [2]. To continue the re-transmissions after the cell switch, partial MAC reset is needed where some steps related to flushing of HARQ buffers and resetting HARQ parameters can be skipped.
From all steps of MAC reset in Section 5.12, TS 38.321, the following steps can be skipped (sidelink is ignored here for convenience):
	[bookmark: _Toc29239856][bookmark: _Toc37296216][bookmark: _Toc46490343][bookmark: _Toc52752038][bookmark: _Toc52796500][bookmark: _Toc115557916]5.12	MAC Reset
If a reset of the MAC entity is requested by upper layers or the reset of the MAC entity is triggered due to SCG deactivation as defined in clause 5.29, the MAC entity shall:
1>	if the MAC reset is not due to SCG deactivation:
2>	initialize Bj for each logical channel to zero;
(…)
1> set the NDIs for all uplink HARQ processes to the value 0;
(…)
1> flush the soft buffers for all DL HARQ processes, except for the DL HARQ process being used for MBS broadcast;
1> for each DL HARQ process, consider the next received transmission for a TB as the very first transmission;



In addition, the following steps need to be skipped from Section 5.2 Maintenance of Uplink Time Alignment, TS 38.321 for at least RACH-based LTM where timeAlignmentTimer expires after the cell change (FFS for RACH-less):
	[bookmark: _Toc29239826][bookmark: _Toc37296185][bookmark: _Toc46490311][bookmark: _Toc52752006][bookmark: _Toc52796468][bookmark: _Toc115557879]5.2	Maintenance of Uplink Time Alignment
The MAC entity shall:
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;



Proposal 1: Partial MAC reset is supported for LTM where all the steps related to flushing of HARQ buffers and resetting HARQ parameters are skipped.
In the RAN2#119bis meeting, it was assumed the MAC reset indication (full or partial reset) can be part of the RRC reconfiguration of the prepared target cell in the same way as RLC re-establishment and PDCP recovery indicators. It was left open whether separate MAC indication(s) is needed. Moreover, RAN2 has assumed that sequential execution of LTM (dynamic switching) can be performed without RRC Reconfiguration. The latter RAN2 assumption for dynamic switching has an impact on the design choice for MAC reset signaling as explained in the following paragraph. 
For LTM or any mobility procedures, the target cell configurations are prepared based on the target cell capability and resources needed for the UE. These parameters are configuration parameters and independent of the current source cell. In LTM, these configuration parameters which are generated for LTM are maintained for dynamic switching. But the parameters which are related to specific actions needed on the lower layer protocols such as PDCP-Re-establishment and RLC-Reestablishment are decided at the time of mobility depending on whether there is need to switch the location of these layers at the network side such as change of DU during mobility. These parameters cannot be included in the target cell configurations prepared for LTM in static manner. In the same way, whether full or partial MAC Reset is needed or not depends on the possibility of MAC layer continuity for HARQ operation between the source and target cells at the time of cell change execution.
Observation 3: Including fixed values for parameters related to lower layer actions parameters such as RLC Re-establishment, PDCP Recovery and MAC Reset in the RRC Configuration for LTM may not work for dynamic switching as the values for these parameters depend on the source and target cell at the time of mobility.
The serving cell triggering the LTM knows if the target cell belongs to the same DU or different DU. As such, the serving cell can decide whether the UE needs to reset MAC or re-establish RLC when performing each cell change.
Proposal 2: The serving cell can indicate to the UE using MAC CE (triggering the cell switch) whether it needs to perform MAC full or partial reset, RLC re-establishment and/or PDCP recovery. The exact signaling is FFS.
2.2	RACH-Less LTM
RAN2 has assumed RACH-less handover for LTM shall be supported. In this section, we elaborate on the details of two cases for RACH-less LTM:
· Case 1: RACH-less LTM where the Timing Advance (TA) of the target cell is known beforehand. In this case, the UE can skip random access and apply the TA value for the target cell.

· Case 2: RACH-less LTM where the TA of the target cell is unknown and needs to be acquired by the UE before the cell switch.
2.2.1	Case 1: Timing Advance is Known by the Network
In many cases, the TA of the target cell is known by the network. Following Rel. 14 LTE RACH-less paradigm, the network can indicate to the UE whether the TA of the target cell is the same as that of another previous source cell of handover (in case the source and target cells are co-located) or equal to 0.
Proposal 3: In RACH-less LTM, the network can indicate to the UE whether the TA of the target cell is the same as that of the source cell or equal to 0.
In the last meeting, RAN2 has agreed to support LTM for CA scenarios where target PCell/SCell can be current SCell/PCell that are configured as LTM candidates. In these cases, the UE can apply the TA that is acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell. The handling of timeAlignmentTimer which controls how long the MAC entity considers the serving cells to be uplink time aligned is FFS.
Proposal 4: In CA, the UE can apply the timing advance that is acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell. The handling of timeAlignmentTimer is FFS.
2.2.2	Case 2: Acquisition of TA before Cell Switch
In case the TA of the target cell is not known, the UE can acquire the TA of the target cell before the cell switch such that it can perform RACH-less LTM. 
Currently, the components contributing to the interruption time caused by UL synchronization are summarized as follows:
1. Time for the UE to acquire the RACH occasion. 
2. Time to send PRACH preamble.
3. Waiting time to receive the RACH Response (RAR) from the target cell. 
4. Time to decode and obtain the TA from the RAR.
The following solutions are possible to reduce the interruption time caused by random access:
· Solution 1:
· Steps:
1. The UE performs random access to the target cell while being served by the source cell.
· Pros:
· Removes the entire interruption caused by random access to the target cell shown above in steps 1-4.
· Cons:
· Requires UEs with dual reception/transmission capability.
· Solution 2:
· Steps:
1. UE is served by the source cell while waiting for the RACH occasion.
2. UE detaches from the serving cell to send PRACH Preamble. 
3. After sending the PRACH preamble, the UE resumes the data transmission/reception to/from the source cell while waiting for the RAR.
4. UE detaches from the source cell gain to receive the RAR from the target cell.
· Pros:
· Works for UEs without dual reception/transmission capability.
· Removes the interruption time caused by step 1 and 3.
· Cons:
· Requires coordination between the source and target cell on when the UE is allowed to send PRACH preamble and when it shall expect to receive the TA from the target cell.
· Solution 3: 
· Steps:
· UE is served with the source cell while waiting for the RACH occasion.
· UE detaches from the serving cell to send PRACH Preamble. 
· After sending the PRACH preamble, the UE resumes the data transmission/reception to/from the source cell. 
· The target node shares the TA of the UE with the source node.
· The source node provides the TA of the target cell to the UE.
· Pros:
· Works for UEs without dual reception/transmission capability.
· Removes the interruption time caused by step 1, 3 and 4.
· Cons:
· Requires coordination between the source and target cell on when the UE is allowed to send PRACH preamble.
· Requires target node to share the TA with the source node.
· Works only for contention-free random access case.
Among the three solutions, Solution 1 has the highest benefits and it is the easiest to specify, especially from the network side. The only issue is that RAN4 has made in their last meeting a tentative agreement that the UE is not expected to receive data simultaneously from serving and target cell in intra-frequency LTM [3], i.e., 
Tentative agreement: For intra-frequency L1/L2 mobility, not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay.
As such, solution 1 is not possible without revisiting the RAN4 tentative agreement. 
Proposal 5: Performing random access to the target cell while being served by the source requires UE with dual reception/transmission capability which was not considered by RAN4 in the last meeting. RAN2 to discuss whether there is a support for such approach as presented in Solution 1, which may require revisiting the tentative RAN4 agreement and introducing UE capability with dual reception/transmission for intra-frequency LTM.
If the RAN4 agreement cannot be revisited, this means RAN2 is left with only solutions 2 and 3 to down-select from, if any.
Proposal 6: If RAN4 tentative agreement, quoted above, cannot be revisited, RAN2 to discuss whether the RACH response of the target cell is received either 1) from the radio link of the target cell in time windows that are configured by the serving cell or 2) from the radio link of the serving cell. In the latter approach, the target cell needs to communicate the acquired TA to the serving cell if pre-acquisition of timing using RACH is considered.
In LTM, multiple target cells are prepared beforehand. To limit the implementation complexity at UE side, it is useful to restrict UL synchronization before the cell switch only to the relevant prepared target cells that the UE might handover to. For instance, based on L1/2 measurements, the serving DU may identify the target cell of handover and can instruct the UE to perform UL synchronization with respect to this target cell. Once the UE has performed the UL synchronization with respect to the target cell, the serving DU can instruct the UE to perform the cell switch.
Proposal 7: RAN2 to consider solutions that restrict the execution UL synchronizations before the cell switch only to the relevant prepared target cell(s) that the UE might handover to. Details are FFS.
2.2.3	RACH-Less Execution
In both RACH-less cases 1 and 2 stated above, the UE can send immediately (after receiving the lower layer signalling triggering the cell change) the L3 message confirming the reconfiguration (e.g. RRC Reconfiguration Complete) to the target cell using the acquired TA. 
Following Rel. 14 paradigm for LTE RACH-less handover, there are two options on how the UE acquires the UL grant for sending L3 message:
· Option 1: The prepared target cell provides a semi-persistent PUSCH grant(s) as part of the handover preparation.
· In NR beam-formed system, the target cell needs to specify the UL TCI state that the UE shall use for transmitting L3 message on the UL grant. Given that the target cell may not determine beforehand which QCL source RS indices are the relevant ones for UL transmissions at the time of handover, the target cell needs to indicate multiple UL TCI states where each correspond to a PUSCH grant. This becomes especially problematic if there are multiple candidate target cells.

· Option 2: The UE monitors for an UL grant that is provided by the selected target cell for handover execution:
· Based on received measurements, the serving DU instructs the UE to perform a TCI state change to a of another prepared cell.
· Based on the received indication, the UE applies the configuration of the selected target cell and monitors the PDCCH scheduling the UL grant from the new target cell using the QCL information of the indicated TCI state.
· If the selected target cell is under the control of another DU, the serving DU informs the other DU about the TCI state that the UE will be using for monitoring the PDCCH. Using this information, the target DU can then send the PDCCH using the QCL information of the indicated TCI state.
Option 1 has the advantage that the UE does not need to wait for PDCCH to be scheduled for sending the L3 message which reduces the interruption time. However, this comes at the expense of reserving UL grant resources for some time given that LTM is not executed immediately after the preparation. This issue of resource reservation for UL grants is resolved in Option 2 as the target cell sends PDCCH using QCL information of a specific RS that is indicated by the serving DU. This is achieved at the expense of additional signaling between the DUs for coordinating on the TCI state used for handover. Both options have pros and cons, and we propose to support both options for LTM in the same way as RACH-less handover of LTE Rel. 14.
Proposal 8: In RACH-less LTM handover, UE acquires the UL grant for transmitting the L3 message confirming the reconfiguration to the target cell: In option 1, the prepared target cell provides a semi-persistent PUSCH grant(s) as part of the handover preparation and in option 2 the UE monitors for a PDCCH (scheduling an UL grant) from the selected target cell for handover execution.
Performing RACH-less LTM handover may not be possible if the radio measurement of the RS indicated in the TCI state for L3 message transmission (Option 1) or PDCCH reception (Option2) is not sufficient enough/below a threshold. In this case, the UE should be allowed to fallback to random access procedure to avoid detecting handover failures and triggering re-establishment. Note that the same procedure is defined for the usage of contention-free random access resources.
Proposal 9: The UE fallbacks to random access based HO procedure in case the QCL of the source RS indicated in the TCI state for L3 message transmission (Option 1) or PDCCH reception (Option2) is not sufficient enough/below a threshold.
To reduce the probability of falling back to random access based LTM in aforementioned Option 2, the serving DU can indicate to the UE multiple TCI states over which it can receive PDCCH scheduling the UL grant. As such, the target cell can duplicate the transmissions of PDCCH scheduling the UL grants.
Proposal 10:  To reduce the probability of falling back to random access based LTM, the serving DU can indicate to the UE multiple TCI states over which it can receive PDCCH scheduling the UL grant.
3	Conclusion
The following observations and proposals have been made:
Observation 1: The purpose of partial MAC Reset is to retain the HARQ soft buffers after the cell switch, i.e., to be able to continue with the re-transmission at MAC and RLC layers in the target cell, and avoid re-transmitting already received RLC SDU segments.
Observation 2: Resuming the re-transmissions at MAC and RLC layers after cell switch is more critical for LTM than L3 mobility due to higher rate of handovers and ping-pongs.
Proposal 1: Partial MAC reset is supported for LTM where all the steps related to flushing of HARQ buffers and resetting HARQ parameters are skipped.
Observation 3: Including fixed values for parameters related to lower layer actions parameters such as RLC Re-establishment, PDCP Recovery and MAC Reset in the RRC Configuration for LTM may not work for dynamic switching as the values for these parameters depend on the source and target cell at the time of mobility.
Proposal 2: The serving cell can indicate to the UE using MAC CE (triggering the cell switch) whether it needs to perform MAC full or partial reset, RLC re-establishment and/or PDCP recovery. The exact signaling is FFS.
Proposal 3: In RACH-less LTM, the network can indicate to the UE whether the TA of the target cell is the same as that of the source cell or equal to 0.
Proposal 4: In CA, the UE can apply the timing advance that is acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell. The handling of timeAlignmentTimer is FFS.
Proposal 5: Performing random access to the target cell while being served by the source requires UE with dual reception/transmission capability which was not considered by RAN4 in the last meeting. RAN2 to discuss whether there is a support for such approach as presented in Solution 1, which may require revisiting the tentative RAN4 agreement and introducing UE capability with dual reception/transmission for intra-frequency LTM.
Proposal 6: If RAN4 tentative agreement, quoted above, cannot be revisited, RAN2 to discuss whether the RACH response of the target cell is received either 1) from the radio link of the target cell in time windows that are configured by the serving cell or 2) from the radio link of the serving cell. In the latter approach, the target cell needs to communicate the acquired TA to the serving cell if pre-acquisition of timing using RACH is considered.
Proposal 7: RAN2 to consider solutions that restrict the execution UL synchronizations before the cell switch only to the relevant prepared target cell(s) that the UE might handover to. Details are FFS.
Proposal 8: In RACH-less LTM handover, UE acquires the UL grant for transmitting the L3 message confirming the reconfiguration to the target cell: In option 1, the prepared target cell provides a semi-persistent PUSCH grant(s) as part of the handover preparation and in option 2 the UE monitors for a PDCCH (scheduling an UL grant) from the selected target cell for handover execution.
Proposal 9: The UE fallbacks to random access based HO procedure in case the QCL of the source RS indicated in the TCI state for L3 message transmission (Option 1) or PDCCH reception (Option2) is not sufficient enough/below a threshold.
Proposal 10:  To reduce the probability of falling back to random access based LTM, the serving DU can indicate to the UE multiple TCI states over which it can receive PDCCH scheduling the UL grant.
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